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ABSTRACT 


A setting  time  test  has  been  developed  for  dental 
amalgam  based  upon  the  shear  strength  of  freshly  condensed 
amalgam.  The  load  required  to  punch  a circular  hole  In 
the  amalgam  is  measured  at  various  times  after  condensa- 
tion. It  is  found  that  the  time  at  which  the  required 
load  reaches  25.5  lbs,  corresponds  closely  with  the 
clinical  limit  of  carvability  as  determined  by  a group 
of  dentists. 
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A SETTING  TIME  TEST  FOR  DENTAL  AMALGAM 


1 o INTRODUCTION 

Prom  the  point  of  view  of  clinical  application,  one  of 
the  most  Important  characteristics  of  dental  amalgam  is  the 
rate  at  which  it  hardens  or  sets*  An  amalgam  which  sets  too 
rapidly  or. too  slqwly  is  a great  Inconvenience  to  the  dentist 
and  can  be  the  direct  source  of  faulty  restorations.  The 
clinical  importance  of  setting  time  has  been  recognized  for 
well  over  50  years,  G,  V,  Black  reported  as  early  as  1895 
that  some  of  the  factors  Influencing  it  were  well  known  to  the 
manufacturers  of  that  time  [l].  Most  investigators  since  then 
have  been  aware  of  the  problem  and,  in  many  cases,  have 
emphasized  it  in  their  publications  [1^6  ]♦  Nearly  all  amalgam 
•research,  however,  has  been  directed  toward  other  properties 
such  as  setting  expansion, strength  and  flow,  and  almost  nothing 
has  appeared  in  the  literature  about  the  objective  measurement 
of  setting  time. 

The  lack  of  information  about  the  setting  time  of  commercial 
amalgam  alloys  has  necessitated  a trial  and  error  search  on  the 
part  of  the  dentist  for  an  alloy  that  suits  his  particular 
technique  or  preferences.  The  useful  range  of  setting  times 
appears  to  be  well  covered  by  the  products  currently  on  the 
market,  although  the  large  number  of  alloys  may,  in  Itself, 
add  to  the  dentists*  difficulty  in  selecting  a suitable  one. 
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In  the  case  of  the  Armed  Forces  dental  services,  or  in  any 
case  where  the  dentist's  choice  of  products  is  restricted, 
difficulties  with  setting  time  can  become  more  critical, 

i 

at  times  making  an  otherwise  satisfactory  alloy  practically 
unusable.  The  development  of  a suitable  objective  tbst  for 
setting  time  should  help  solve  these  difficulties. 

2.  THEOfiY  OF  SETTING 

The  mechanism  by  which  amalgams  harden  is  not 
completely  understood  but  it  is  characterized  by  gj?adual 
and  continual  physical  property  changes.  These  changes  appear 
to  follow  a definite  sequence,  a variation  in  technique  that 
accelerates  one  stage  of  the  setting  process  also  accelerating 
the  others.  However,  because  of  the  continuous  nature  of  the 
physical  property  changes,  any  "setting  time"  test  must  involve 
the  selection  of  a somewhat  arbitrary  limiting  value  for  the 
measured  property.  Also,  if  the  results  are  to  have  much 
practical  meaning,  the  physical  property  measured  must  show  good 
correlation  with  some  clinically  significant  property  of  the 
amalgam.  The  property  normally  used  as  a measure  of  the  setting 

i 

time  of  other  dental  materials  is  indentation  or  penetration 
resistance.  While  consistent  results  can  be  obtained  for  amalgam 
using  such  methods,  and  they  have  been  used  by  others  [7]  to 
study  the  effect  of  variation  of  particle  size  and  shape,  the 
present  authors  were  unable  to  obtain  correlation  of  indenta- 
tion tests  with  clinical  estimates  of  setting-time.  The 
clinical  characteristic  chosen  for  comparison  was  the  "limit 


® vnfi  tft  10  .a'solv'jis.  Ffid'nst  "AioidU  'iQ.tesad  .oitJ'.  it©. 

' >’)■  '.'  ■'■  'J0 

-T  • ‘ • . ■ > '4i  ' ■ 


••••■’•  K < 


14 

4 m 


was. 


i:-4 


.da^oJt'iiesi  »=£  aioofciwq” yeldinsb  sia^;  *wAs 
«■  ,Jl£&  1^113  s-iojTT'  snoasd  r.ttv  tf‘MliK>l‘i't£b' 

■ - ■■  . v;  ■ ,'.V‘’..’^  ' .V. 

• ■ ■!,  *■  . ' '■■'/:•  *:  ' 

TtlJLsixdosTfll^^Xfi  TicJi-6T8l'#dc,  ofi  g^ji^ofa  eoffi.tc>  ^3 

io*i  f»7J:iost.dc  ai’SniXsiR  b 'jEp  dtramnol9V6J&;>sriT  .ardasc/nu 

■ " : ' r ' ';'■  ■ ; ■•, 

.asiiiiiOXllJf'  aeorfi  ovCoe  .blyo'rid?  smxt'- snld  j9b 

/JIM®'' ■<'■'' • f- 

'‘\.::'^'y  craT^ss*%’«^  * 

ipn  al  Sine^BinG  dolti^t  edf ; 

H ''  ■ ' •,  . ‘ ■ 

I(3xjr|)flrts  Zd  tsifcf  boo^^a^Shnij  ^i^d^ailQfnoo 

^zfeqqa  sesxfT  *iie3]£isrlo  lijoia^dq, 

a ■'  ' 

‘3x#pi:;ifl33ct  fti: . :ioX’3‘Bi:Ts^  £ ailarlafe  a wollol 

eaaoc’iq  ,3riMr^aa  and  a act  tn  94^9.0  ob 

lo  ^'xiictsn  9^  i'lavewojf!  , a^^dd'O'  sHd* 


evioviii  vtai'a  ’’ajc^  t ^ae^fiBrio  ^cr^iaqo^xq 

’’  ' 

ari^t  'iq‘v  tjijL/Xav  i^ixv  jjnlX  ;VTf.s'i\tidaB  ^tadwemo^  .jB  16  riolcfoaXae  9ftt 


^ rbf'm  avBd  0/  1|  <oaXA  ,^^i'i9qd'iq  baoifasem 

A 

^t/0^  v?c.l&  .;'^;;;t!  JbawbGsm  lo.dXa-^dq  arXt  iBoXstOB'iq 

ad;f  lo/€^‘’i9qo*i<f^ni-^^!r!3Xa  ^XlaaiiaXId  9nioa  djJtw  aol0Bl9'iT:p9^ 

;.>  .'.L  t;  ■ '■  ..  V . . 

anXct.taa  qrt^:  lo  a aa  X»aai/  erlT 


'i 


noicTa^vrr^  laq  ‘lo  noJi;ractriabntX  81  sXaXTced’Bm  lecfnfab  aar^o  lo. 


mBslGfTiS  »tol  L'snXjSHfcio  9cf  r£d  eJiX/aan  ctrracraiertao  aXXrW  .aoni^:ta±a92S 


oi  [Y]  Q'x^rl^o  ^ 593U  rtsad  ajsd  da/zL’  an 

' ■ LB  ■ "■  .t»'/  1 J 

artcr  ^eqiiia  Jbcm  9sXa  aIoJtct*xaq  lo  aoXct'sXtBV  lo  loalla  arii 


-b:^ riaJbnf  lo  noJtctjsIa'xrioo  sTaiy  jneasiq 


1 


© 


■#* 


NtXf/il'l”  edifBBw  noexaa.qmop:^"^^  nagodo  oX^aJtaaiJPBTBdi)  lajlnllq?:* 

'■ . viktc:^Bi  .2kV:  J/  :^8!ikL^  J|ii|[|| 


- 3 - 


of  carvability"  - that  time  at  which  the  dentist  feels  that 
further  carving  is  apt  to  damage  the  restoration. 

Freshly  condensed  amalgam  may  be  considered  as  resembling 
a mass  of  wet  sand,  the  remnants  of  the  original  alloy 
particles  being  packed  into  close  contact  with  each  other  and  the 
intervening  spaces  filled  with  a solution  of  the  alloy  in 
mercury.  The  amalgram  differs  from  the  sand  analogy  mainly 
in  the  rapid  hardening  of  the  Interparticle  matrix  that  occurs 
as  the  matrix  continues  to  alloy  with  the  particles  which 
it  surroimds.  It  is  felt  that  carving  is  essentially  a shearing 
process  dependent  upon  the  properties  of  the  matrix  materials 
while  indentation  is  in  large  part  a function  of  the  shape, 
strength  and  packing  behavior  of  the  particles.  On  this  basis, 
the  poor  correlation  of  indentation  tests  with  clinical  observation 
can  be  explained,  since  a laupge  and  variable . amount  of  the 
resistance  to  indentation  would  be  the  result  of  a "wet  sand 
effect"  due  to  packing  of  the  particles  rather  than  to  any 
setting  reaction. 

3.  eScperimental  procedure 

3.1  Material 

The  four  amalgam-  alloys  chosen  for  use  in  this  study  are 
listed  in  Table  1.  All  are  certified  by  the  manufacturers  to 
meet  the  requirements  of  American  Dental  Association  Specification 
No.  1.  for  Dental  Amalgam  Alloy.  They  were  selected  on  the 
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basis  of  preliminary  tests  as  providing  a representative  range 
of  setting  times  and  particle  sizes* 

Table  1 

Brand  Manufacturer  Lot  No. 

Silver  Crown  Slow  General  Refineries,  Inc.  2110 

i 

True  Dentalloy  S.  S.  White  Dental  Mfg.  Co.  O2652303 

A Cut 


20th  Century  L.  D.  Caulk  Co,  7J5te 

Regular 

20  Century  L.  D,  Caulk  Co.  22H55F 

Fine  Cut 

Various  lots  of  mercury  were  used,  some  being  certified 
brands  of  dental  mercury  and  others  being  from  chemical  supplies. 
All  lots,  however,  met  the  requirements  of  American  Dental 
Association  Specification  No.  6,  for  Dental  Mercury,  indicating 
a non-volatile  residue  of  less  than  0.02  percent.* 

3*2  Equipment. 

All.  weighings  of  alloy  and  mercury  were  made  on  a 
torsion  balance.*  to.  the  nearest  5 mg,  Bakfelite  amalgamator 
capsules  with  bakellte  pestles  (U.S.  Armed  Services  medical 
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supply  No.  6250-500-5150)  were  used  with  a Crescent  "Wlg-1-Bug” 
Amalgamator.  The  normal  operating  speed  of  this  particular 
amalgamator  when  operated  with  a loaded  capsule  was  determined 
as  being  3330  cycles  per  minute  by  means  of  a General  Radio 
"Strobotac"  type  631-b. 

Duration  of  trituration  was  measured  by  the  automatic 
timer  on  the  amalgamator  to  0.2  secjond.  All  other  time 
measurements  were  made  with  stop  watches. 

All  load  applications  were  made  by  means  of  a Tinius- 
Olsen  Universal  Tester  of  the  pendulum  type.  A 1000  lb  range 
graduated  to  0.5  lb.  was  used  for  condensing  specimens 
and  a 100  lb.  range  graduated  to  0.05  lb.  was  used  for  testing. 

A four  piece  specimen  mold  of  the  type  shown  in  Flg-ures  1 

and  2 was  prepared  of  tool  steel.  All  pieces  were  machined > 

*« . *■  • 

hardened  and  then  ground  to  fit.  The  four  pieces  are; 
an  outer  block  with  a cylindrical  hole  through  It;-  two 
plungers'  with  flat  heads^  one  used  as  a spacer  to  fix  the  size 
of  the  specimen  cavity  while  amalgam  is  being  placed  in  the  mold, 

I 

and  the  other  used  during  condensation  to  apply  pressure  to 

t ^ ^ 

I 

the  top  surface  of  the  speclm.en;  and  a headless  plunger  with 
a groove  that  serves  to  collect  the  mercury  expressed  as  the 
packing  load  is  applied.  The  method  of  assembling  these  parts 
for  both  loading  and  pressing  is  shown  in  Figure  2. 
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The  absolute  dimensions  of  the  mold  parts  are  of  much  less 
Importance  than  their  relative  fit  and  the  perpendicularity 
of  the  plunger  ends  to  their  longitudinal  axis.  The  plungers 
were  made  to  fit  the  hole  in  the  outer  block  as  closely  as 
possible  and  still  permit  routine  hand  assembly.  A flat  was 
ground  on  the  lateral  surface  of  the  spacing  plunger  to  prevent 
the  trapping  of  air  during  assembly.  The  one  exception  to' the 
tight  fit  was  the  flange  on  the  headless  plunger  separating 
the  mercury  well  from  the  specimen.  This  clearance  was  in- 
tentionally increased  0.005  inch  to  facilitate  the  expression 
of  mercury.  The  dimensions  of  the  outer  block  are  approximately 
1 by  1 by  1 1/2  inches ^ the  hole  diameter  approximately  0.70 
inches.  The  combined  length  of  the  headless  plunger  and  the 
spacing  plunger  were  such  as  to  leave  a specimen  cavity 
0.040  Inches  deep.  The  perpendicularity  of  the  end -faces 
of  the  headless  and  pressing  plungers  to  their  axis  was 
such  that  the  maximum  observed  differences  between  the  thickest 
and  thinnest  edge  areas  of  specimens  made  in  this  mold  was 
0.0004  inch.  Normal  variation  is  somewhat  less  than  this. 

This  uniformity  is  important r: since  nonparallelism  of  these 
opposing  faces  during  loading  may  result  in  displacement  of 
the  excess  mercury  from  one  portion  of  the  specimen  to  another 
rather  than  complete  expression.  Such  specimens,  uniform  in 
neither  composition  nor  dimensions,  yield  erratic  test  results. 
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The  punch  used  for  determining  setting  time  is  illustrated 
in  Plgures3  and  4.  The  two  essential  parts,  the  punch 
Itself  and  the  matching  female  die,  are  mounted  in  a heavy 
alignment  block  so  as  to  provide  a bearing  of  sufficient 
-length  and  stability  to  assure- the - proper , silignment.  of  the 
punch  and  die.  All  parts  are  of  tool  steel,  machined, hardened, 
and  ground  to  fit.  The  fit  on  the  punch  is  such  that  it  will 
settle  slowly  under  its  own  weight  when  lubricated  with 
instrument  oil.  The  diameter  of  the  punch  is  0.250  inch  and 
the  diameter  of  the  aligning  bearing  surface  is  0.010  inch 
larger  than  the  molded  specimen.  The  female  die  is  made 
as  a separate  piece  said  is  slightly  shorter  than  the  lower 
hole  in  the  alignment  block  base.  This  arrangement  forms 
a shallow  cavity  over  the  die  which  is  used  for  positioning 
the  specimen.  Both  the  punch  and  die  may  be  removed'  easily  so 
that  they  may  be  reconditioned  on  a surface  grinder  if 
use  rounds  the  shearing  edges,.  The  total  clearance  (difference 

-f  • 

in  diametjar')  betwee,n  the  punch  and  die  is  0.0010  ± .0001  inch 
and,  when  in  place,  they  are  held  concentric  within  0.0001  inch. 

A limited  selection  of  carvers  was  made  available  to  the 
dentist’s  participating  in  the  carving  tests.  Each  dentist 
xwas  permitted  his  choice  of  the  No.  1,  2,  and  3>  105®  Frahm 
Carvers  (right,  left,  and  straight). 
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3.3  Specimen  Preparation 

All  specimen  preparation  and  testing  was  done  in. a controlled 
temperature  ■ room  maintained  at  .72®P  and  55^  R,  H. 

Specimens  of  the  same  type  were  used  for  both  the  carving 
and  shear  tests.  These  specimens  wer^  prepared  in  the  following 

I 

manners 

Three  amalgamator  capsules  were  used  for  the  trituration  of 
the  amalgeat  f or  each  specimen.  Each  capsule  was' loaded  with 
0.^00 -±  0,002.  grams  of . alloy,  .and 'sufficient  mercury  to  satisfy 
the  manufacturer's  prescribed  mercury-alloy  ratio.  These 
loads  were  triturated  in  sequence  for  seven  seconds  each  on 
the  amalgamator,  twenty-five  to  thirty  seconds  being  required 
for  the  operation.  The  start-of-mix  for  measurement  of  the  age 
of  specimen  was  taken  as  the  start  of  trituration  of  the  second 
capsule  load  of  amalgam.  At  the  end  of  trituration,  the  three 
portions  of  amalgam  were  combined  and  placed  in  the  specimen 
cavity. of  the  mold  as  assembled  for  loading  (see  Figure  2), 

There  the  amalgam  was  distributed  by  a troweling  motion  with 
a small  glass  plate  (2x2  inches  slide  glass).  When  the  mold 
was  filled,  the  straight  edge  of  the  glass  plate  was  used 
to  scrape  off  the  excess  amalgam  flush  with  the  top  surface 
of  the  mold  block,  producing  a specimen  of  wet  amalgam  0.040 
inch  thick.  Throughout  this  procedure,  every  effort  was  made 
to  keep  the  manipulation  of  the  alloy  to  a minimum. 
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The  mold  was  then  assembled  for  pressing,  and  load  application 
was  begun  minutes  after  the  start  of  mix.  Load  was 

applied  with  the  testing  machine  at  a rate  equivalent  to 
55.  psi/sec  imtll  a pressure  equal  to  2000  psi  was  reached. 

After  4.5  minutes  from  the  start  of  mix,  the  load  was  removed 
at  a rate  of  approximately  400  psi/sec.  The  specimen  was  removed 

I 

from  the  mold  and  stored  at  72®F  and  55^  R.  H«  until  tested. 

3*4  Carving  Test  Procedure 

The  procedure  employed  in  the  carving  test  was  designed  to 
avoid  any  Influence  upon  the  participating  dentists*  estimates 
of  the  time  at  which  the  amalgam  set.  The  following  routine 
was  observed  throughout  the  tests: 

The  dentist-  performing  the  test  was  permitted  his  choice 
of  the  three  carvers. 

He  then  received  the  amalgam  specimen  without  any  informa- 
tion as  to  when  it  was  expected  to  set.  He  also  received,  face 

I 

down,  a stopwatch  measuring  the  age  of  the  specimen.  He 
was  Instructed  to  carve  the  amalgam  as  he  saw  fit  until  it 
hardened  to  a condition  where  he  felt  that  further  carving 
in  the  mouth  might  risk  fracture  of  a restoration.  He  was 
then  to  stop  the  watch. 

The  specimens  were  given  to  the  dentists  at  times  ranging 
from  one  to  four  minutes  before  the  anticipated  time  of  set  in 
order  to  avoid  the  bias  that  might  occur  if  the  participants  came 
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to  expect  set  to  occur  some  fixed  Interval  after  they 
started  carving.  As  further  Insurance  against  bias,  the 
brand  of  alloy  tested  and  the  age  of  the  specimen  were  also 
concealed  from  the  dentist. 

Eight  dentists  participated  In  the  carving  tests, 
with  at  least  four  dentists  carving  each  alloy:  The  number 

of  specimens  carved  per  alloy  varied  from  nine  to  twenty. 

The  results  of  these  tests  are  presented  In  Table  2. 

I 

3.5  Test  Procedure 

Specimens,  prepared  In  the  standard  manner  and  Identical 
to  those  employed  for  the  carving  test,  were  used  for  the  punch 
test.  Approximately  one  minute  before  the  time  of  test,  the 
specimen  was  positioned  In  the  lower  die  and  the -entire  , punch 
assembly  was  placed  In  the  testing  machine.  The  machine  was  then 
adjusted  to  contact  the  punch  without  applying  load.  At  the 
time  selected  for  testing,  the  machine  was  started  and  load 
applied  at  a rate  of  1.58  pounds  per  second.  The  load  required 
to  produce  fracture  was  recorded  to  the  nearest  0.1  poimd. 

A series  of  specimens  were  run  at  each  of  several  times  for 
each  alloy,  and  the  curve  showing  the  progress  of  the  setting 
reaction  was  derived  from  them.  Figure  5 shows  a plot  of  the 

observations  on  Alloy  B.  The  plus  marks  Indicate  Individual 

!/ 

readings  and  the  circles  averages  of  all  readings  at  a 
given  specimen  age.  The  results  of  all  of  the  punch  tests  are 
presented  In  Table  3. 
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4.  MS0U331ON  OF  RESULTS 

Examination  of  Fig\ire  5 shows  that  a straight  line  is 
a good  fit  to  the  data  within  the  range  of  time  investigated. 

Similar  plots  of  the  results  for  the  other  alloys  show  this 
to  be  a common  characteristic.  Combination  of  these  results 
with  those  from  the  carving  tests  permit  the  estimate*  of  the 
shear  strength  (measured  in  terms  of  punch  load)  of  the 
amalgam  at  the  limit  of  carvablllty.  This  estimation  is  indicated 
by  the  dashed  lines  in  Figure  3s  the  vertical  dashed  line  being 
drawn  at  the  limit  of  carvablllty  ( see  Table  2)  and  the 
horizontal  dashed  line  showing  the  derived  shear  strength. 

If  the  two  tests  actually  measure  the  same  property  or 
group  of  properties,  the  same  punch  load  should  be  required  for 
shearing  each  alloy  tested  at  the  time  of  clinical  set  as 
determined  by  the  carving  test.  Figure  6 shows  the  average  shear 
strength  lines  for  the  four  alloys  and  derivation  of  the 
characteristic  punch  load  at  the  carvablllty  limit  for  each 
alloy.  There  is  a readily  observed  tendency  for  these  punch 
loads  to  cluster  about  a constant  value  and  therefore  the  two 

I 

tests  presumably  do  measure  the  same  property.  The  pimch  test,  then, 
can  be  used  to  provide  valid  estimates  of  clinical  carving  time. 
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The  average  of  the  individual  values  for  the  four  alloys 
gives  a punch  load  of  25.5  pounds  at  the  time  of  set.  This 
is  equivalent  to  a shear  stress  of  approximately  II50  psl. 

This  average  vailue  may,  in  t\am,  be  used  to  obtain  an  estimate 
of  the  setting  time  of  each  Individual  alloy.  Table  4 compares 
the  setting  times  so  estimated  with  the  carving  times  for  each 
alloy.  The  maximum  differences 'between  the  estimates  are 
the  same  or  smaller  than  the  uncertainties  by  either  method. 

The  general  agreement  between  the  shear  test  results 
and  the  carving  tests  over  a wide  range  of  setting  times 
indicates  that  both  tests  measure  the  sam4  property.  The 
shear  test  therefore  should  be  a valid  objective  test  for  the 
clinical  limit  of  carvablllty. 

5.  SUMMARY 

A test  is  described  to  measure  the  setting  time  of 
dental  amalgam.  The  test  measures  the  load  required  to 
punch  a O.25O  Inch  diameter  hole  In  an  amalgam  disc 
approximately  0.030  Inch  thicJcv-  time  at  which  the  required 

load  is  25.5  pounds  Is  found  to  correspond  closely  to  the 
*^14^ t of  carvablllty"  as  estimated  by  a group  of  dentists  for 
four  popular  alloys.  Tils  is  taiken  as  an  indication  that  both 
the  pimch  test  and  hand  carving  are  measuring  the  same  property 
and  that,  therefore,  the  piinch  test  may  be  used  validly  to 
provide  a quantitative  objective  measurement  of  clinical 
setting  time  of  amalgam. 
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Table  2 


SETTING  TIME  OF  AMALGAM 
AS  DETERMINED  B^HAND„_DARVING 


Alloy 

Niimber  of 
Specimens 

Setting 

Time 

<r 

A 

20 

10.2  min 

1.1  min 

B 

9 

' 12.7 

1.5 

C 

9 

14.8 

2.1 

D 

9 

19.^ 

3.8 

(T  equals  standard  deviation 
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Table  3 


AVERAGE  SHEAR  STRENGTH  OF  AMALGAM 
WITH  TIME 


Alloy 

Time 

■^Flinch 

Bo  ad 

minutes 

lbs. 

cribs* 

A 

9 

24.7 

2.3 

12 

31.5 

1.3 

15 

34.8 

2.0 

B 

12 

24.6 

1.6 

16 

28.6 

2.5 

20 

31.3 

2.7 

24 

36.1 

2.8 

C 

11 

19.4 

2.3 

15 

27.2 

2.5 

25 

40.5 

3.1 

D 

15 

21.3 

1.3 

20 

25.0 

1.4 

25 

29.3 

2.9 

* 


CT  equals  standard  deviation 
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Table  4 


COMPARISON  OP  SETTING  TIMES 
AS  DETERMINED  BY 
CARVING  TEST  AND  PUNCH  TEST 


Alloy 

Carving  Test 
Setting  Time 

cT* 

Punch  Test 
Setting  Time 

A 

10 o 2 min 

1.1  min 

9 • 2 min 

1.0  min 

B 

12.7 

1.5 

12.9 

1.8 

C 

14.8 

2.1 

14.5 

1.4 

D 

19.4 

3o8 

20.5 

1.8 

* 


(T'  equals  standard  deviation 
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Figure  1.  Specimen  mold  showing  four  pieces  and  approximate  size. 


SPECIMEN  MOLD 


Figure  2.  Schematic  drawing  of  specimen  mold  showing  filling 
and  pressing  positions. 
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Figure  3.  Setting  time  punch  showing  size  in  centimeters 


SETTING  TIME  PUNCH 


Figure  4.  Schematic  drawing  of  setting  time  punch  showing  the 
relative  positioning  of  the  parts. 
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Figu2?6  5*  Plot  of  punch  tost  obsonvations  for  Alloy  B showing 
linear  relationship  between  punch  shear  strength 
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Figure  6.  Average  shear  strength  lines  for  four  representative 
alloys  showing  derivation  of  characteristic  punch 
load  at  carvability  limit  for  each  alloy. 
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U.  S.  DEPARTMENT  OF  COMMERCE 

Sinclair  Weeks,  Secretary 

NATIONAL  BUREAU  OF  STANDARDS 
A.  V.  Astin,  Director 

THE  NATIONAL  BUREAU  OF  STANDARDS 

The  scope  of  activities  of  the  National  Bureau  of  Standurfls  at  its  headquarters  in  Washington, 
D.  C.,  and  its  major  laboratories  in  Boulder,  Colo.,  is  suggested  in  the  following  listing  of  the 
divisions  and  sections  engaged  in  technical  work.  In  general,  each  section  carries  out  specialized 
research,  development,  and  engineering  in  the  field  indicated  by  its  title.  A brief  description  of 
the  activities,  and  of  the  resultant  publications,  appears  on  the  inside  front  coyer. 

r • * ’ 

WASHINGTON,  D.  C. 

Electricity  and  Electronics.  Resistance  and  Reactance.  Electron  Devices.  Electrical  Instru- 
ments.  Magnetic  Measurements.  Dielectrics.  Engineering  Electronics.  Electronic  Instrumen- 
tation. Electrochemistry. 

Optics  and  Metrology.  Photometry  and  Colorimetry.  Optical  Instruments.  Photographic 
Technology.  Length.  Engineering  Metrology. 

Heat.  Temperature  Physics.  Thermodynamics.  Cryogenic  Physics.  Rheology.  Engine 
Fuels.  Free  Radicals  Research. 

Atomic  and  Radiation  Physics.  Spectroscopy.  Radiometry.  Mass  Spectrometry.  Solid  State 
Physics.  Electron  Physics.  Atomic  Physics.  Neutron  Physics.  Nuclear  Physics.  Radioactiv- 
ity. X*rays.  Betatron.  Nucleonic  Instrumentation.  Radiological  Equipment. 

Chemistry,  Organic  Coatings.  Surface  Chemistry.  Organic  Chemistry.  Analytical  Chemis- 
try. Inorganic  Chemistry.  Electrodeposition.  Molecular  Structure  and  Properties  of  Gases. 
Physical  Chemistry.  Thermochemistry.  Spectrochemistry.  Pure  Substances. 

Mechanics.  Sound.  Mechanical  Instruments.  Fluid  Mechanics.  Engineering  Mechanics. 
Mass  and  Scale.  Capacity,  Density,  and  Fluid  Meters.  Combustion  Controls. 

Organic  and  Fibrous  Materials.  Rubber.  Textiles.  Paper.  Leather.  ■ Testing  and  Specifica- 
tions. Polymer  Structure.  Plastics.  Dental  Research. 

Metallurgy.  Thermal  Metallurgy.  Chemical  Metallurgy.  Mechanical  Metallurgy.  Corrosion. 
Metal  Physics. 

Mineral  Products.  Engineering  Ceramics,  . Glass.  Refractories.  Enameled  Metals.  Concret- 
itig  Materials.  Constitution  and  Microstructure. 

Building  Technology,  Structural  Engineering.  Fire  Protection.  Air  Conditioning,  Heating, 
and  Refrigeration.  Floor,  Roof,  and  Wall  Coverings.  Codes  and  Safety  Standards.  Heat 
Transfer. 

Applied  Mathematics.  Numerical  Analysis.  Computation.  Statistical  Engineering.  Mathe- 
matical Physics. 

Data  Processing  Systems.  SEAC  Engineering  Group.  Components  and  Techniques.  Digital 
Circuitry.  Digital  Systems.  Analog  Systems.  Application  Engineering. 

9 Oihee  of  Basic  Instrumentation.  * Office  of  Weights  and  Measures, 

BOULDER,  COLORADO 

Cryogenic  Engineering.  Cryogenic  Equipment.  Cryogenic  Processes.  Properties  of  Materials. 
Gas  Liquefaction. 

Radio' Propagation  Physics.  Upper  Atmosphere  Research.  Ionospheric  Research.  Regular 
Propagation  .Services,  Sun-Earth  Relationships.  VHF  Research. 

Radio  Propagation  Engineering.  Data  Reduction  Instrumentation.  Modulation  Systems, 
Navigation  Systems.  Radio  Noise.  Tropospheric  Measurements.  Tropospheric  Analysis. 
Radio  Systems  Application  Engineering.  Radio  Meteorology. 

Radio  Standards.  High  Frequeney  Eleclrieul  Stamiurds.  Radio  Broailcust  Service.  High 
Frequency  linpedaiiee  .Slundurds.  Calibration  Clculer.  Microwave  Physics.  Microwave  Circuit 
Standards. 


